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Peiliang SUN elpsu@leeds.ac.uk 
$EVWUDFW 7KLV SDSHU SUHVHQWV D FULWLFDO UHYLHZ RI VRPH H[LVWLQJ PRGHOOLQJ
FRQWURODQGRSWLPL]DWLRQWHFKQLTXHVIRUHQHUJ\VDYLQJFDUERQHPLVVLRQUHGXFWLRQ
LQ PDQXIDFWXULQJ SURFHVVHV 7KH VWXG\ RQ YDULRXV SURGXFWLRQ LVVXHV UHYHDOV
GLIIHUHQW OHYHOV RI LQWHOOLJHQW PDQXIDFWXULQJ DSSURDFKHV 7KHQ PHWKRGV DQG
VWUDWHJLHV WR WDFNOH WKH VXVWDLQDELOLW\ LVVXHV LQPDQXIDFWXULQJDUH VXPPDUL]HG
0RGHOOLQJ WRROV VXFK DV GLVFUHWH G\QDPLF HYHQW V\VWHP '(6'('6 DQG
DJHQWEDVHG PRGHOOLQJVLPXODWLRQ $%6 DSSURDFKHV DUH UHYLHZHG IURP WKH
SURGXFWLRQ SODQQLQJ DQG FRQWURO SURVSHFWLYH 7KHVH DSSURDFKHV ZLOO SURYLGH






7KH PDQXIDFWXULQJ VHFWRU LQ LQGXVWU\ KDV D QRQQHJOLJLEOH HQYLURQPHQWDO LPSDFW
FRXSOHG ZLWK WKH SURGXFWLRQ SURFHVV ,Q WKH PDQXIDFWXULQJ IDFWRU\ PDWHULDOV DQG





FRQFHUQV GLPLQLVKLQJ QRQUHQHZDEOH UHVRXUFHV VWULFWHU OHJLVODWLRQV DQG LQIODWHG
HQHUJ\ FRVWV DQG LQFUHDVLQJ FRQVXPHU SUHIHUHQFH IRU HQYLURQPHQWDOO\ IULHQGO\
SURGXFWVHWF7KHFRQFHSW³VXVWDLQDELOLW\´LVJUDGXDOO\UHFHLYHGPRUHDWWHQWLRQVIURP
LQQRYDWLYHLQGXVWU\(IIRUWVWRGHYHORSDPDQXIDFWXULQJV\VWHPPHHWLQJWKHVXVWDLQDEOH








































IDFLOLWDWLQJ D PRUH HQHUJ\ DQG UHVRXUFH HIILFLHQW PDQXIDFWXULQJ 6WUXFWXUHG
DSSURDFKHVDUHXVHGWRGLVWLQJXLVKWKHGLIIHUHQFHEHWZHHQGLIIHUHQWV\VWHPOHYHOV















GHOLYHU WKH ILQDO SURGXFWV DOO RI WKH DFWLYLWLHV FDQ EH FRQVLGHUHG LQ D KROLVWLF YLHZ





















ILUVW VWHS WRZDUGV WUDQVSDUHQF\ 7KLV HQHUJ\PDWHULDO DXGLWLQJ RQ HDFK PDFKLQH
SURYLGHV D IXQGDPHQWDO UHIHUHQFH IRU UHVHDUFKHUV DQG SUDFWLWLRQHUV WR LGHQWLI\ DQ\
FULWLFDOSUREOHPLQWKHV\VWHP
1RW RQO\ WKH FRQVXPSWLRQ RI HQHUJ\ DQG UHVRXUFHV EXW DOVR WKH ZDVWHHPLVVLRQ
JHQHUDWLRQ GXULQJ WKH SURGXFWLRQ SURFHVV VKRXOG EH LGHQWLILHG WR HDFK SURFHVV XQLW
,QVSLUHGE\$EHOHDWDO >@ WKHHQHUJ\FRQVXPSWLRQFDQEHVHSDUDWHG LQWRHVVHQWLDO
HQHUJ\ UHTXLUHPHQW RI WKH QRUPDO SURGXFWLRQ SURFHVV WKH H[WUD HQHUJ\ GHPDQGV RI
SURFHVVLQJDQGSHULSKHUDOGHPDQGLQSURGXFWGHYHORSPHQW$XGLWLQJRQHRUVHULHVRI
SURGXFWLRQ XQLWV UHTXLUHV WR FDOFXODWH WKH FRVW RI HQHUJ\ ORVVHV RI PDWHULDOV DQG WR
LGHQWLI\LPSURYDEOHSURFHVVYDULDEOH>@3URSRVHGDPRUHLQVWUXFWLYHDSSURDFKDERXW
GLIIHUHQW DVSHFWV FDQ EH DQDO\VHG LQ WKH LQSXWRXWSXW GHWDLOV 7KH WLPH SRZHU





WKHVH LQGXVWULDO PHDVXUHPHQWV UHVXOWV ZLOO DVVLVW XQGHUVWDQGLQJ EHKDYLRXUV LQ WKH
SURFHVVIRUEHWWHUPDQDJHPHQW
 6WUDWHJLHVIRUPLQLPL]LQJHQHUJ\DQGUHVRXUFHFRQVXPSWLRQ
$W WKLV OHYHO VWUDWHJLHV IRU PLQLPL]LQJ HQHUJ\UHVRXUFH FRQVXPSWLRQ QHHG WR EH
FRQVLGHUHG ILUVWO\ WR UHGXFH HQYLURQPHQWDO LPSDFW )XQGDPHQWDOO\ PRVW SURGXFWLRQ
GHYLFHFDQEHLPSURYHGIURPDEHWWHUHIILFLHQF\GHVLJQZKLOHIRUDPDFKLQHDWDIL[HG
SURGXFWLRQ OLQH WR RSWLPL]H WKH SURFHVV SDUDPHWHUV DQG LWV ZRUNLQJ GXW\ FDQ EH
FRQVLGHUHGDVHQHUJ\UHVRXUFHGHPDQGUHGXFWLRQPHWKRGV
Re-design and structural improvement of process unit 
2QFH WKH PRVW HQHUJ\ LQWHQVLYH PDFKLQHV RU SURFHVVHV DUH LGHQWLILHG DQG DXGLWHG
VLJQLILFDQW LPSURYHPHQW RI HIILFLHQF\ FDQ EH DFKLHYHG E\ XVLQJ PRUH HIILFLHQW






HQHUJ\ KHDW NLQHWLF DQG PDWHULDOV ZLWKLQ D PDFKLQH >@ GHYHORSHG D PHWKRG WR
UHF\FOHGWKHSRZGHUPDWHULDOVLQDSRO\PHUODVHUVLQWHULQJSURFHVV>@LQYHVWLJDWHG
























)RU WKH SURFHVV XQLWV WKH VHWWLQJ SDUDPHWHUV DUH DOZD\V UHODWHG WR UHVRXUFH
FRQVXPSWLRQ >@ H[DPLQHG WKH SDUDPHWHU VHWWLQJV IRU FXWWLQJ FRQGLWLRQV DQG
DFFHOHUDWLRQFRQWUROWRDFKLHYHDUHGXFHGSRZHUFRQVXPSWLRQLQPDFKLQHWRRORSHUDWLRQ
3URFHVV FRQWURO LQ VRPH FDVHV FDQ PDLQWDLQ RU HYHQ LPSURYH WKH TXDOLW\ ZLWK OHVV
HQHUJ\FRVW)RULQVWDQFH>@RSWLPL]HGWKHSURFHVVSDUDPHWHUVRIDSDSHUPDFKLQH¶V















D SODQW FDQ EH RUJDQL]HG LQ SDUDOOHO RU VHTXHQFH WRSRORJ\ DQG LQ WKHVH PDFKLQH
QHWZRUNVWKHRXWSXWRIRQHPDFKLQHPLJKWEHWUHDWHGDVLQSXWIRUDQRWKHU7KHUHIRUHLW













PDFKLQH V\VWHP LW LV HDVLHU WR SLQSRLQW WKH H[HUJ\ GLVWULEXWLRQ 7KHQ XVLQJ H[HUJ\
FDVFDGLQJDQDO\VLVPHWKRGHQHUJ\DQGPDWHULDOUHF\FOHDELOLW\FDQEHHVWLPDWHG7R
PLQLPL]HH[HUJ\ORVVHVLVWRPLQLPL]HHQHUJ\FRQVXPSWLRQRIWKHSURFHVVHV,Q>@






































LQ UHFHQW \HDUV >@ UHSRUWHG WKDW 25& FDQ EH XVHG LQ DOXPLQLXP VWHHO IRRG DQG














7KH LQWHUOLQNDJH RI SURFHVV XQLWV DQG SURGXFWLRQ IHDWXUHV VXFK DV EDWFK VL]H DQG
VFKHGXOLQJRUGHUVVSHHGFDQDOOLQIOXHQFHWKHHIILFLHQF\
(OHFWULFLW\ LV ZLGHO\ XVHG E\ PDQ\ NLQGV RI PDFKLQHV $SSURSULDWH VHOHFWLRQ RI
PDFKLQHRSWLPDOGXW\FRQWUROVHWWLQJDQGPLQLPL]LQJLGOLQJVWDWHRIHDFKPDFKLQHFDQ
UHGXFHHOHFWULFDOZRUN,QPDQ\V\VWHPVLIVRPHPDFKLQHVLQDSURGXFWLRQOLQHFDQEH







$QRWKHU DVSHFW RI FRVW UHGXFWLRQ PHWKRG LV WR DYRLG FRQVXPSWLRQ SHDN %\
RSWLPL]DWLRQ PHWKRGV LQ SURGXFWLRQ VLPXODWLRQ LPSURYHG SODQQLQJ VROXWLRQ FDQ EH
IRXQGWRPLQLPL]HSHDNSRZHUDQGWRVRPHH[WHQWUHGXFHWRWDOHQHUJ\FRVW7KHSHDN
SRZHULQVRPHSODFHVFDXVHVFRVWH[WUDFKDUJHVLQWKHHOHFWULFELOODQGVLPLODUO\LWLV
SRVVLEOH WR VKLIW HOHFWULFLW\ FRQVXPSWLRQ IURP GD\ WR QLJKW ZKHQ WKH SULFH LV OHVV
H[SHQVLYH
,QWKHSURFHVVFKDLQGHSHQGLQJRQWKHFRPSOH[LQWHUDFWLRQZLWKLQPXOWLSOHPDFKLQHV
ZLWK GLIIHUHQW VWDWHV HQHUJ\ DQG PDWHULDO FRQVXPSWLRQ EHKDYLRU LV QRW VWDWLF EXW
G\QDPLF7RKDQGOHWKRVHG\QDPLFVFKDQJHVVLPXODWLRQLVDSURPLVLQJDSSURDFK>@
7KLVPHDQVDQHQHUJ\RULHQWHGPDQXIDFWXULQJV\VWHPVLPXODWLRQLVQHHGHGWRSURYLGH





















































$W WKH IDFWRU\ RU ZKROH SODQW OHYHO WKHUH LV D JUHDWHU VFRSH WR DGRSW KLJKHU OHYHO
VLPXODWLRQ WRROV FRYHULQJ ZKROH V\VWHP FRQILJXUDWLRQ SURGXFWLRQ IORZ DQG
PDQDJHPHQW WR LPSURYH HIILFLHQF\ >@ WKH DXWKRU HODERUDWHG WZR RUWKRJRQDO
IUDPHZRUNVVSDWLDODQGWHPSRUDOFRQVLGHUDWLRQDWIDFWRU\OHYHO7KHVSDWLDOIUDPHZRUN
LVFRQFHUQVZLWKWKHVSDWLDOYLHZVRISURGXFWIHDWXUHPDFKLQHOLQHDQGVXSSO\FKDLQ
7KHVH VSDWLDO OHYHOV GHILQH WKH PDWHULDO FKRLFH JHRPHWULF GHVLJQ PDFKLQHIDFLOLW\
FRQILJXUDWLRQ HQHUJ\VRXUFHZDVWH FKDLQ DQG ORJLVWLFV LVVXHV >@ VXPPDUL]HV WKH
WHPSRUDOIUDPHZRUNFKDUDFWHUL]HVWKHFRQWURORIWKHZKROHHQYLURQPHQWDOLPSDFWDQG
WKH LQIOXHQFHRI IDFLOLW\ FRQVXPSWLRQV ,W FRYHUV WKH FRQVLGHUDWLRQV WKURXJK SURGXFW





PDNLQJ PRYHV DORQJ WKH WHPSRUDO D[LV WKH IOH[LELOLW\ GHFUHDVHV ZKLFK PHDQV OHVV
FRQWURORYHUWKHSODQQLQJ




ZKLFK LV ZLGHU WKDQ WKH PXOWLPDFKLQH VFRSH LQ RUGHU WR OLPLW WKH WRWDO HQHUJ\
FRQVXPSWLRQ
/RDGPDQDJHPHQWFDQDOVREHFRQGXFWHGDWWKHIDFWRU\OHYHOZKHUHWKHSHDNORDG
VXUFKDUJH FDQ EH PLQLPL]HG GLIIHUHQW ZRUNORDGV FDQ EH SUHGLFWHG DQG FRQWUROOHG
+RZHYHU WKH PRQLWRULQJ DQG FRQWURO DW WKH ZKROH IDFWRU\ OHYHO UHTXLUH VLJQLILFDQW
DPRXQW RI LQIRUPDWLRQ DERXW WKH PDFKLQHSURFHVV VWDWXV DQG PRUH FRPSOH[
LQWHUGHSHQGHQFLHVEHWZHHQV\VWHPV
7KHUH DUH D QXPEHU RI EXLOGLQJ VHUYLFHV WKDW DFFRXQW IRU HQHUJ\ FRQVXPSWLRQ LQ
VXSSRUW RI SURGXFWLRQ DQG LQ >@ +HUPDQQ DQG 7KLHGH LQFRUSRUDWHG WKH HQHUJ\
HIILFLHQF\ LPSURYHPHQW ZLWK SURGXFWLRQ DQG WHFKQLFDO EXLOGLQJ VHUYLFH 7%6 ,Q
VXSSRUW RI SURGXFWLRQ DQG GHPDQG IRU KLJKHU SURGXFWLYLW\ WKH 7%6 PXVW FRQVLGHU
IDFLOLW\PDQDJHPHQW HQHUJ\RSWLPL]DWLRQ7HFKQLFDOPHDVXUHVFDQEHXVHG WR ORFDWH
XQQHFHVVDU\ GHPDQGV LQ WHPSHUDWXUH DQG SUHVVXUHV LQVXIILFLHQW XWLOL]DWLRQ $QG
HIILFLHQWSURFHVVFRQWUROHJFRQWLQXRXVUXQVSURFHVVLQJDWIDYRXULWHZRUNLQJSRLQWV
WRDYRLGXQQHFHVVDU\FRVW8VLQJWHFKQLTXHVOLNHFRPELQHGKHDWDQGSRZHUF\FOHVDQG
KHDW UHFRYHU\ ZLWK OLQNHG V\VWHPV WR XVH UHJHQHUDWLYH HQHUJ\ VRXUFH DQG WR UHGXFH

























7R PDNH WKH ZKROH PDQXIDFWXULQJ SURFHVV WUXO\ LQWHOOLJHQW ZLWK HQHUJ\ZDUH
FDSDELOLW\ 6FKHGXOLQJ LV D SURPLQHQW PHWKRGRORJ\ LQ RSHUDWLRQ WR GHWHUPLQH WKH
TXDOLW\TXDQWLW\DQGFRVWRISURGXFWLRQ%HVLGHVVFKHGXOLQJFDQLQIOXHQFHUHVRXUFH
FRQVXPSWLRQ HIILFLHQF\ DQG ZDVWH RXWSXW ,Q WKH HDUO\ VWDJH ZDVWH UHGXFLQJ ZLWK




7KH DXWKRU LQ >@ UHYLHZHG VHYHUDO LVVXHV UHODWHG WR WKH VXVWDLQDELOLW\ LQ FXUUHQW
PDQXIDFWXULQJ V\VWHP LQFOXGLQJ GLYHUVH QDWXUH RI GLIIHUHQW FRQIOLFWLQJ REMHFWLYHV
KDQGOHGE\WKHVFKHGXOLQJV\VWHPODUJHQXPEHUVRIREMHFWLYHVZLWKFRPSOH[UHODWLRQ
ZLWK FODVVLFDO RQHV LQFUHDVLQJYRODWLOLW\ RI UHVRXUFHV DQGPHFKDQLVPV LQ SURFHVVHV











































GHYHORSHG ZLWK VHYHUDO REMHFWLYHV WR RSWLPL]H DQG VHFRQGO\ WKH VFKHGXOLQJ PRGHO
QHHGHGWREHVROYHGZKHUHPXOWLFULWHULDPXVWEHKDQGOHG'HSHQGLQJRQWKHREMHFWLYH
PRGHOV WKH HQHUJ\ FRQVXPSWLRQ JDV HPLVVLRQ DQGZDVWHJHQHUDWLRQ HWF FDQ DOO EH
PRGHOOHGLQUHODWLRQVKLSWRWKHSURGXFWLRQRSHUDWLRQVWDWHDQGFRQWURO+RZHYHUGXHWR
WKH FRQIOLFWLQJ QDWXUH RI PDQ\ REMHFWLYHV WKH VFKHGXOLQJ SUREOHP PD\ QRW KDYH


























































DGYHQW RI JUHHQ PDQXIDFWXULQJ PRVW RI UHVHDUFKHUV SULRULWL]H HQHUJ\ DV WKH NH\





Single machine systems 
&RQVLGHUDEOHFKDQJHVRQHQHUJ\FRQVXPSWLRQPDLQO\HOHFWULFLW\DQGWKHDVVRFLDWHG





UHGXFHG HQHUJ\ FRQVXPSWLRQ GXULQJ SHDN WLPHV FDQ EH UHGXFHG DQG WKH SURSRVHG
KHXULVWLFDSSURDFKFDQSURYLGHRSWLPDOVROXWLRQVLQPRVWFDVHV
,Q>@WKHRSHUDWLRQDOGHFLVLRQPDNLQJSUREOHPLQFRUSRUDWLQJERWKHFRQRPLFDQG
HQYLURQPHQWDO SHUIRUPDQFH RQ VLQJOH PDFKLQH V\VWHP ZDV VWXGLHG )RFXVLQJ RQ





Job shop scheduling 
>@ GHYHORSHG D JHQHWLF DOJRULWKP ZKLFK H[FHOV IRU PDQ\ FODVVLFDO MREVKRS
VFKHGXOLQJSUREOHPVZKHUHHDFKRSHUDWLRQKDVWREHH[HFXWHGE\RQHPDFKLQHDQGWKDW




Energy and makespan consideration 
>@ LQWURGXFHGDK\EULGKRQH\EHHPDWLQJRSWLPL]DWLRQDQGVLPXODWHGDQQHDOLQJ WR
RSWLPL]H PXOWLFULWHULD LQFOXGLQJ HQHUJ\ FRQVXPSWLRQ PDNHVSDQ DQG PDFKLQH




VFKHGXOLQJ SUREOHP ZLWK WZR REMHFWLYHV PDNHVSDQ DQG HQHUJ\ FRQVXPSWLRQ XVLQJ
PDWKHPDWLFDO PRGHO EDVHG RQ DQ HQHUJ\HIILFLHQW PHFKDQLVP LQ IOH[LEOH IORZ VKRS
VFKHGXOLQJ SUREOHP ,Q RUGHU WR JHQHUDWH 3DUHWRHIILFLHQW VROXWLRQV WKH ZHLJKWHG
DGGLWLYH XWLOLW\ IXQFWLRQ WHFKQLTXH ZDV XVHG WRJHWKHU ZLWK DQ LPSURYHG JHQHWLF
VLPXODWHGDQQHDOLQJDOJRULWKPLQVSLUHGIURPDKRUPRQHPRGXODWLRQPHFKDQLVP
>@ LQYHVWLJDWHG D K\EULG IOH[LEOH V\VWHP VFKHGXOLQJ SUREOHP FRQVLGHULQJ WKH
HQHUJ\HIILFLHQF\DVSHFW7KHHOHFWULFLW\SULFHDWGLIIHUHQWWLPHRIXVHZDVLQFRUSRUDWHG
LQWR D PXOWLREMHFWLYH RSWLPL]DWLRQ SUREOHP FRQFHUQLQJ SURGXFWLRQ DQG HQHUJ\
HIILFLHQF\ $Q DQW FRORQ\ RSWLPL]DWLRQ 02$&2 PHWDKHXULVWLF ZDV GHYHORSHG WR
RSWLPL]HERWKPDNHVSDQDQGHOHFWULFSRZHUFRQVXPSWLRQFRVW7KH\IXUWKHUFRPSDUHG




DV D IXQFWLRQRI WKHRSHUDWLRQH[HFXWLRQ WLPH DQG WKHHQHUJ\RSWLPDO VFKHGXOHZDV
GHULYHGE\VROYLQJDPL[HGLQWHJHUQRQOLQHDUSURJUDPPLQJSUREOHP)XUWKHUGLIIHUHQW
REMHFWLYHV LQFOXGLQJ WKH F\FOH WLPH HQHUJ\ FRQVXPSWLRQ DQG VHTXHQFHV ZHUH
FRQVLGHUHG





)RFXVHG RQ VFKHGXOLQJ SUREOHP IRU D VLQJOH PDFKLQH >@ XVHG D PL[HG LQWHJHU
SURJUDPPLQJ VFKHGXOLQJ PRGHO WR PLQLPL]H WKH WRWDO FDUERQ HPLVVLRQV GXULQJ WKH
ZKROHSODQQLQJKRUL]RQ







PDQXIDFWXULQJ DFWLYLWLHV FDQ EH JDLQHG E\ PDQXIDFWXUHV 7KHQ PDQDJHUV FDQ XVH
SURGXFWLRQFRQWUROPHWKRGVWRFRQWUROGLIIHUHQWDVSHFWVWRIXOILOYDULRXVREMHFWLYHVVXFK
DV SURGXFLQJ ORZ FRVW SURGXFWV ZLWKRXW FRPSURPLVLQJ TXDOLW\ RU HYHQ LPSURYLQJ







7KH PDQXIDFWXULQJ V\VWHP PD\ H[SHULHQFH VWUXFWXUDO FKDQJHV GXULQJ WKHLU
RSHUDWLRQDO OLIH VSDQ UHVXOWLQJ IURP DGGLQJ QHZ V\VWHP FRPSRQHQWV UHSODFLQJ RU
UHWLULQJROGHTXLSPHQWWRUHDFWWRWKHFKDQJHVLQSURGXFWVWHFKQRORJ\RUPDUNHWV>@












7KH GLVFUHWH HYHQW V\VWHP LV VXLWDEOH IRU YLVXDOO\ PRGHOOLQJ G\QDPLF QDWXUH RI D
FRPSOH[GLVFUHWH V\VWHP)RU H[DPSOH SUREOHPV OLNHTXHXH VHW XS YLVXDOL]DWLRQRI
















SURFHVVLQJ¶ LH SURGXFWLYH µLGOH¶ LH ZRUNLQJ EXW QRQSURGXFWLYH DQG µVKXW








VKRZLQJ WKH ERWWOHQHFNV DQG WKH LPSDFW RI HDFK SURGXFWLRQ SDUDPHWHUV >@
LQYHVWLJDWLRQRQWKHFDSDFLW\SODQQLQJRIDPRELOHSKRQHUHPDQXIDFWXULQJLQGXVWU\LV
GLVFXVVHGE\)UDQNHHWDO7KHGLVFUHWHHYHQWV\VWHPZDVDSSOLHG WRUHSUHVHQWTXLFN














































,Q WKLVSDSHU WKHUHVRXUFHHIILFLHQW LQWHOOLJHQWPDQXIDFWXULQJ LVUHYLHZHGDW WKUHH
GLIIHUHQW OHYHOV QDPHO\ WKH XQLW SURFHVV SURGXFWLRQ OLQH DQG IDFWRU\ ZLGH ZKHUH
VWUDWHJLHV RI HQHUJ\ VDYLQJ UHVRXUFH UHF\FOLQJ DQG SURFHVV FRQWURO DUH GLVFXVVHG
9DULRXV PHWKRGRORJLHV WR GHVFULEH WKH HQHUJ\PDWHULDO IORZ DQG SURFHVV VWDWHV DUH
UHYLHZHGZKLFKFDQVXSSRUWGHFLVLRQPDNLQJIRUDQGLGHQWLILFDWLRQRIWKHERWWOHQHFNV






$SSURDFKHV WR WKH PXOWLSOH REMHFWLYH VFKHGXOLQJ SUREOHPV DSSURDFKHV DUH DOVR
VXUYH\HG LQ VHFWLRQ  7KH GLYHUVH QDWXUH RI GLIIHUHQW FRQIOLFWLQJ REMHFWLYHV LQ
SURGXFWLRQVFKHGXOLQJFRQVWLWXWHVFRPSOH[RSHUDWLRQFRQWUROSUREOHP7KHSUREOHPLV
XVXDOO\VROYHGWKURXJKDSDUHWRIURQWEDVHGRQZKLFKDGHVLUDEOHVROXWLRQLVVHOHFWHG


























 $EHOH ( $QGHUO 5 %LUNKRIHU + (QYLURQPHQWDOO\IULHQGO\ SURGXFW GHYHORSPHQW
6SULQJHU
 .HOOHQV.'HZXOI:2YHUFDVK0+DXVFKLOG0='XIORX-50HWKRGRORJ\IRU
V\VWHPDWLF DQDO\VLV DQG LPSURYHPHQW RI PDQXIDFWXULQJ XQLW SURFHVV OLIHF\FOH LQYHQWRU\




















$IVKDU 3 %URZQ 0 0DFLHMRZVNL - :DQJ + 'DWD%DVHG 5REXVW 0XOWLREMHFWLYH
2SWLPL]DWLRQRI,QWHUFRQQHFWHG3URFHVVHV(QHUJ\(IILFLHQF\&DVH6WXG\LQ3DSHUPDNLQJ
,(((7UDQV1HXUDO1HWZ±
=KDQJ / :X / =KDQJ ; -X * &RPSDULVRQ DQG 2SWLPL]DWLRQ RI 0LGORZ
7HPSHUDWXUH&RJHQHUDWLRQ6\VWHPVIRU)OXH*DVLQ,URQDQG6WHHO3ODQWV-,URQ6WHHO5HV
,QW±




7KHNGL $ 1LPEDONDU 68 ,QGXVWULDO :DVWH +HDW 5HFRYHU\  3RWHQWLDO $SSOLFDWLRQV
$YDLODEOH 7HFKQRORJLHV DQG &URVVFXWWLQJ 5	' 2SSRUWXQLWLHV 2DN 5LGJH 1DWLRQDO /DE
251/2DN5LGJH718QLWHG6WDWHV




UHF\FOLQJ SURFHVV $ FDVH RI DOXPLQLXP LQGXVWU\ 5HVRXU &RQVHUY 5HF\FO  ±









+HUUPDQQ & 7KLHGH 6 .DUD 6 +HVVHOEDFK - (QHUJ\ RULHQWHG VLPXODWLRQ RI
PDQXIDFWXULQJV\VWHPV±&RQFHSWDQGDSSOLFDWLRQ&,53$QQ±
5HLFK:HLVHU & 9LMD\DUDJKDYDQ $ 'RUQIHOG ' $SSURSULDWH XVH RI *UHHQ
0DQXIDFWXULQJ)UDPHZRUNV
'LD]1+HOX0 -D\DQDWKDQ6&KHQ<+RUYDWK$ 'RUQIHOG'(QYLURQPHQWDO
DQDO\VLV RI PLOOLQJ PDFKLQH WRRO XVH LQ YDULRXV PDQXIDFWXULQJ HQYLURQPHQWV ,Q
3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO 6\PSRVLXP RQ 6XVWDLQDEOH 6\VWHPV DQG
7HFKQRORJ\SS±
*UDX 5 (VSXxD $ 3XLJMDQHU / (QYLURQPHQWDO FRQVLGHUDWLRQV LQ EDWFK SURGXFWLRQ
VFKHGXOLQJ





















'DL 0 7DQJ ' *LUHW $ 6DOLGR 0$ /L :' (QHUJ\HIILFLHQW VFKHGXOLQJ IRU D




9HUJQDQR $ 7KRUVWHQVVRQ & /HQQDUWVRQ % )DONPDQ 3 3HOOLFFLDUL 0 <XDQ &
%LOOHU 6 /HDOL ) (PEHGGLQJ GHWDLOHG URERW HQHUJ\ RSWLPL]DWLRQ LQWR KLJKOHYHO










/LX&+$SSUR[LPDWH WUDGHRII EHWZHHQPLQLPLVDWLRQRI WRWDOZHLJKWHG WDUGLQHVV DQG
PLQLPLVDWLRQRIFDUERQGLR[LGH&2HPLVVLRQVLQELFULWHULDEDWFKVFKHGXOLQJSUREOHP
,QW-&RPSXW,QWHJU0DQXI±















)UDQNH & %DVGHUH % &LXSHN 0 6HOLJHU 6 5HPDQXIDFWXULQJ RI PRELOH SKRQHV²
FDSDFLW\SURJUDPDQGIDFLOLW\DGDSWDWLRQSODQQLQJ2PHJD±
*UHJJ 0/ 9DQ $QGHO 60 6D\ORU 6( /HDQ 0DQXIDFWXULQJ 3URFHVV $QDO\VLV
6LPXODWLRQ/3$6,Q3URFHHGLQJVRIWKH:LQWHU6LPXODWLRQ&RQIHUHQFHSS±
:LQWHU6LPXODWLRQ&RQIHUHQFH3KRHQL[$UL]RQD
3DUXQDN +9' 6DYLW 5 5LROR 5/ $JHQW%DVHG 0RGHOLQJ YV (TXDWLRQ%DVHG






<HXQJ :/ %HKDYLRUDO PRGHOLQJ DQG YHULILFDWLRQ RI PXOWLDJHQW V\VWHPV IRU
PDQXIDFWXULQJFRQWURO([SHUW6\VW$SSO±
/L':DQJ<;LDR*7DQJ-'\QDPLFSDUWVVFKHGXOLQJLQPXOWLSOHMREVKRSFHOOV
FRQVLGHULQJLQWHUFHOOPRYHVDQGIOH[LEOHURXWHV&RPSXW2SHU5HV±
.LP7&KRL%.3URGXFWLRQV\VWHPEDVHGVLPXODWLRQIRUEDFNZDUGRQOLQHMREFKDQJH
VFKHGXOLQJ6LPXO0RGHO3UDFW7KHRU\±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